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Overview 

• Nuclide Charts 

 

• Karlsruhe Chart of Nuclides 

 

• Electronic Nuclide Charts in Nucleonica 

 

• Nuclear Data Search in Nucleonica 

 



Nuclide Charts 

Nuclide:  
A type of atom specified by its atomic number Z, 
mass number A and energy state.  

A nuclide can be specified by the notation: 

 

 

 

where Z is the atomic (proton) number, A is the mass number, N is the neutron 

number (N=A-Z), and X is the chemical element symbol.  

 

More than 3800 nuclides are known, but only about 10% of these are stable.  



What is a Nuclide Chart? 

Nuclide charts are  
essentially a plot of the 
number of protons 
versus the number of 
neutrons in atomic 
nucleus.  

Stable nuclides fall in a 
narrow range of 
neutron to proton ratio. 

The stability of nuclei is 
extremely significant 
for special (magic) 
number of  protons and 
neutrons. 

Stabile nuclides:   black 

Unstable (radioactive): colored 

N 

Z 



Nuclide boxes 

Isotopes (C) 
(same Z  
different N) 

Isotones  
(same N different Z) 

Isobars 
(same mass: A=Z+N) 

The charts contain 
information on the 
basic properties of 
known nuclides. 

Each nuclide is 
represented by a 
box containing 
basic nuclear data 

This data consists of the half-life, neutron cross sections, main 
gamma lines, etc… An important characteristic of the chart is the 
use of colours to denote the mode of decay, half-life, or cross-
sections. If the nuclide has one or more meatstable states, the 
box is subdivided into smaller boxes for each state. 



Different colour schemes 

Decay modes Binding energies 

Half-lives Spin magnitude 



Nuclide Charts world-wide 

Name    Colour scheme 

 

• Karlsruhe (Germany)  -    decay modes 

 

• Strasbourg (France)    -    decay modes 

 

• General Electric (US)   -    half-lives 

 

• JAERI (Japan)             -    half-lives 



Karlsruhe Chart of the Nuclides - KNC 

1st Edition in 1958 

1517 ground states and 
isomers 

7th Edition in 2006 

3654 ground states and 
isomers, ITU (EC): J. Magill 

8th Edition in 2012; 3847 ground states and 
isomers; ITU and Nucleonica spin-off 

http://www.karlsruhenuclidechart.net 

http://www.nucleonica.com 

http://www.nucleonica.com/wiki/images/0/0a/RRR_KNC_1958_wallchart.jpg
http://www.karlsruhenuclidechart.net/


KNC – Colours of decay modes 

Chemical elements - white 



Multiple decay modes 
Large and small triangles 



Decay processes on the KNC 



Decay processes on the KNC 



Data in KNC boxes 

KNC presents only experimentally observed nuclides 



Interpretation of condensed data 
radiation data 

43 Tc 99m

42 Mo 99 (65.976 h)

0.141

0.0

0.181

β‾ 1.214 MeV

82.2%

43 Tc 99 (2.1·105 a)

0.143

0.0

0.141
αT 1.37·1010

Iγ 141 keV

89%

0.921

1.357

(6.007 h)

γ 740 keV

12.3%

γ 181 keV

6.14%

γ 778 keV

4.30%



Interpretation of condensed data 
radiation data 

43 Tc 99m

44 Ru 99

(6.007 h)

(stable)

0.090

0.0

0.294

γ 90 keV

0.0008% 

αT 1.5

β‾ 0.294 MeV

99.998%

43 Tc 99 (2.1·105 a)

0.143

0.0

0.141
αT 1.37·1010

Iγ 141 keV

89%

γ 322 keV

0.0001%

0.322

0.435



Data sources 

Data  Sources used 

    

Half-lives 

Branching ratios 

Radiation data  
(particle and photon 

energies and emission 

probabilities) 

ENSDF, Nuclear Data Sheets (NDS) for evaluated nuclear data. 

XUNDL database was the primary source of unevaluated nuclear data. 

Nuclear Science References have been checked regularly based on the triggers 

from XUNDL database  

Scientific journals (Physical Review C,  Physics Letters B, The European 

Physical Journal A, Nuclear Physics A…) 

Cluster radioactivity R. Bonetti, A. Guglielmetti Cluster radioactivity: An overview after twenty 

years   

Thermal fission yields The thermal fission yields are based on IAEA report Handbook of Nuclear Data 

for Safeguards 

Abundancies Abundances of stable and primordial isotopes are presented based on  

Berglund et al. Isotopic composition of elements 2009 

Cross Sections Handbook of Chemistry and Physics 2010 [23]. 

Data on fission isomers Half-lives of fission isomers in the brochure are based on the Nuclear Data 

Sheets Table of Superdeformed Nuclear Bands and Fission Isomer 

Atomic Weights The atomic weights of the elements are based on IUPAC Technical Report 2009  

Periodic Table IUPAC Periodic Table of Elements  

Cross Sections Cross Sections are presented based on  Holden: Handbook of Chemistry and 

Physics 2010  

Element Properties 

(densities, etc.) 

Holden: Handbook of Chemistry and Physics 2010   

Physical constants The Physical Constants presented in the brochure are based on CODATA 

Recommended Values 2010 



More info… 



Electronic Nuclide Charts in Nucleonica 

Universal Nuclide Chart   

(UNC – decay chain simulator) 

 

 

 

Nuclide Explorer  

(connected with other 

Nucleonica tools) 



Universal Nuclide Chart 



Nuclear Data in UNC 

The Selected Nuclide  
is in the middle of the Chart 
 
Mouse pointer: 
For the pointed nuclide  
the most important  
nuclear data is shown on  
the left side 
 
Decay Chain button  
 
Reaction Path button 
 



Decay chain of U-235 

Set MinBr(%) to 5% some decay  
path are not displayed anymore 
 
 
E(MeV): causes blinking alarm on 
nuclides with higher: 
gamma energy * emission probability 



Decay chains of U-235 and U-238 



Nuclide Explorer 

Colour scheme is changeable 
 
Decay modes can be filtered 



Nuclide Tc-99m 



Nuclides with alpha, p and n main 
decay modes and SF nuclides 



Nuclear Data Sheets 

Nuclide selector 

Tabs 
Nuclide Explorer 



Nuclear Data Sheets 



Nuclear Data Search 

Tabs 

Datasheets 



Radiation search 



Dose Coefficients (ICRP 68 & 72) 



Physical Constants, Conversion Factors, 
Radiological limits… 



Physical 
Constants, 
Conversion 
Factors, 
Radiological 
limits… 
 



Fission Yields 

Fission Yield: Number of atoms of a specific nuclide 
produced per 100 fission reactions 

Independent Fission Yields: direct production of 
specific atoms - decay excluded 

Cumulative Fission Yields: direct production + via 
decay 

 

Chain Yield: Atoms of specific 

 isobars (A=const) per  

100 fission reactions  

(KNC: U-235 and Pu-239 yields) 

 



Fission Yields Module 



Fission products of Pu-239 



Overview 

• Nuclide Charts 

• Karlsruhe Chart of Nuclides 

• Nucleonica Charts eCharts 

• Universal Nuclide Chart (UNC) 

• Nuclide Explorer 

• Nuclear Data Sheets 

• Nuclear Data Search (Nuclide, Radiation) 

• Fission Yields Module 

• Exercises 

 

 



Exercises 

• Universal Nuclide Chart 

• 1. In the decay chain of U-238 find the nuclide 
which emits gamma photons with 1001 keV.  

• (Pa-234m) 

• 2. In the decay chain of U-235, Ac-227 has alpha 
decay with BR 1.38% to Fr-223. Switch of all decays 
from the display which have less than 2% branching 
ratio.(MinBR%=2) 

• 3. Switch off the blinking of the Tl-208 on the decay 
chain of Th-232.  



Exercises 

• Nuclide Explorer 

• 1. Switch the colour scheme of Nuclide Explorer to Binding 
Energy and switch it back to Karlsruhe. 

• 2. Switch off the colour of all radioactive nuclides. Switch it on 
after. 

• 3. What are the daughters of Cs-137? (Ba-137, Ba-137m) 

• Nuclear Data Sheets 

• 1. What are the daughters of Cs-137? What is the most 
important gamma line of Cs-137?(283.5 keV, EP=5.8E-6) 

• 2. What is the daughter of Ba-137m? What is the most 
important gamma line of Ba-137m?(661 keV, EP=90.1%) 

• 3. For the decay of Pu-239, what is the maximum alpha 
particle energy?(5.156 MeV) 

 

 



Exercises 

• Nuclear Data Search 

 

• 1. Find the nuclides with gamma lines at 81, 303 and 356 keV 
with an uncertainty of ±1 keV. (Pa-228, Ba-133) 

 

• 2. Find the Cs isotopes which have a half-life in the range 2 
weeks -100 years.  

• (Cs-134. Cs-137) 

 

• 3. See gamma spectrum  

• below – to which isotope  

• does this correspond? 

• (Y-88 or Rb-88) 

 

 



Exercises 

• Fission Yields 

 

• 1. Find the thermal neutron fission products of U-
235. How many fission products are listed in JEFF? 

• (977) 

• 2. Which fission products have the highest yields? 
Give cumulative and independent. 

• (Te-134, Xe-134) 

• 3. What is the cumulative fission yield of Cs-137? 

• (6.22E-2 or 6.22%) 

 


